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© Lamp provided with thin film for ref locking infrared rays. 

© A (an^ Is provided on t^o surface of its glass bulb mth a multi-layer Him comprising an atlernate laminate of 
at isast one dielectric layer (8) of a higher refractive index and at least one dielectric layor (9) of a tower 
refractive Index, so as to transmit visible rays radiated from a light source (1) and to reflect Infrared rays radiated 
from the light source (1). whereir a low transmittance range with a tranamlttance of 10 lo 40% is provided In a 
vifiibte region* 
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LAMP PROVIDED WITH TOiN FILM FOR REFLECTING »4FRARED RAYS 



BACKGROUND OF THC IN VENTION 

This Invention relates to a tungsten-halogen lamp comprising on the outer surface of a bulb a muhi- 
»ayer dletectric film for transmitting visible rays and reflocting infrared rays or an HlD [HlQh Intensity 
5 CMscharge) lamp such as a metal halidc temp comprisFng a similar muHi-fayer dtelecfnc «fm on tti« outdr 
surface of an inner bullj, and more partcularly to means for modifying the light-soun^e color In such a lamp. 

Provision of a transparent multi-layer dielectric frlm on a tungsten -halogen lamp so as to reflect Infrared 
rays thereby Improving the luminous efficacy of the lanfip is disclosed In, for example, stap^nese Patent 
Applicalion Uld^Open (KOKAl) No. 5r-iie454 (18S2) or Japanese Patent Publication No. 1-14258 (1989). 
to With respect to the thickness of the dielectric film In such instancaa, a description is given In. for example, 
Japanese Patent Application Ufd-C^en (KOKAI) No, 61-180853 (1986). Fuflhermoro, H Is also known to 
provide the multi-layer dielectric film with a regulated transmittance of rays in the visibio region oo ae to 
cause the visible radiation from the lamp to have a yellow color, as for instance described in Japanese 
Utility Model Application Laid-Open (KOKAI) No. 1-861G2 (1989). A description of a reflector comprising a 
IS multi-layer dielectric film is made in. for example, Y. Yuge, "Review of Optical Coatings for Incandescent 
and Oilier Lamfw", z\h International Symposium on tne Science & Technotogy of Ughl Sources. York- 
England. 10-U September, 1989. 

Though the above-mentioned prior arts are free of any problems or difficulties in providing a multi-layer 
dielectric film on the surface of a lamp bulb as an infrared ray rofleotOr film^ the prior arts hove yet bcon 
SO unsatisfactory in achieving a modification of the light-source color of a lamp easily and with high luminous 
efficacy. 



SUMMARY OF THE INVENTION 
2S * 

It is accordingly an object of this invontloo lo provide a lamp which achieved 6 modiflcaUon of the llghl- 

source color of the lamp easily and with high luminous efficacy, by Improving the above-mentioned Infrai^ 
ray reflector film. 

TTie above object Is attained by a lamp according to this Inventio in which tfie optical thickness of some 
so of the layers in a muHl-layer dielectric film provided on the surface of a lamp bulb Is drfferent from that of 
the other layers, whereby intorfenence Is generated between tha layers to produce a reflection range over a 
narrow wavelength range in the visible region, resulting in a change in the light-source color of the lamp. 

It ic thus poaeibto, acoording to ihla Jnveniion. to alter ttre llgm-source color wimout increasing the 
number of layers in the multl-tayer dielectric film baked on the surface of a silica glass bulb of a tungsten- 
3S halogen lamp or HID (amp. It is also possible, according to the invention, to minimize tho loweung in the 
luminous efficacy of the lamp associated with the alteration of the light-source color, in addition, tho 
alteratton of the ligh^30urcc color Js achieved by simply changing the thickness of film of a dielectric 
maten'dl. and it is therefore possible to produco the lamp easily. 

The above and other objects, features and advantages of this invention will become apparent from the 
« following description and appended ciafms. taken in conjunction with the accompanying drawings which 
show by way of example some preferred embodiments of the invention 



BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Rgurc 1 is an llluctration of a tungsten-hakigen lamp according to this invention; 
Figure 2 is an iiiustraiion Of an hid lamp according to this invention: 

Figure 3 is a characteristic diagram showing tiie reflectance of a multi-lay cr' dielectric film according to 
this invention; and 

50 Rgure 4 is a characteristic diagram showing the reflectance of another multi-layor dietoctrk; film 
according to this inventbn. 

DESCRIPTION OF THE PREFE RRED EMBODIMENTS 

Fhreu ihc pWneiple en which this invention Is based will be described bek>v/. 

2 
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A multi-layer dieloctrlc film provided on the surface oi a lamp butb produces an interference betwegn 
(hd (ayors, theraby roFlocting infr^dd rays back to tho incldo of the lamp. ThereforOj ihe electric tnpul 
required for ha^sting tho lamp ie reduced, and energy saving is achieved. It is known mat where the peak of 
reflection of the infrared rays by the mottl-layer dlelectrtc film Is sat In the vicinity of 1 u m. it is possible to 
s reduce the reflection by the multi-layer dielectric film in Ihe visible region of about 400 to 800 nm to a 
minimum, so that the radiation of the visible rays from the lamp is not reduced at all, which is favorable, tt is 
further known that opticaJ characteristics with good luminous efficacy are obtalnabie by setting the optical 
thickness of most layers In the multi-layer dielectric film equal to 1/4 tim'es (he wavelength and setting the 
optical thicknosa of only tho uppormoet (ow-diclcctricconatant (ayer equal to i/8 tlm^d the wavelength. 

10 A multi'layer dielectric film having a desired reflectance In an arbitrary wavelength range In rho visible 
region may also be provided, separately fmm the above-mentioned multi-layer dielectric film tor reflecting 
the infrared rays. In that case, it is possible to cause the visible radiation from the lamp to have a desired 
color. The desired characteristics are not achieved, however, unless the interference between Uie mulH- 
iayer dietedric film for renecUng the infrared rays and the mulli-layer dielectric Rim for reflecting the visible 

16 rays is prevented. It is therefore necessary to provide a third layer for eliminating the interference between 
the two mum-layer dielectric films, with the result of an Increase In the number of layers of dieleclric film. 

With Slight deviations of the optical thickness of each layer in the muKi-tayer dielectric film for reflecting 
Infrared rays, from the optical thickness value of 1M times the wavelength Jn the regular lamination, it has 
been possible to enhance the reflectance locally In the vfslbte region, and therefore to alter the liclil-aoufce 

00 color, through the high order Interference between the dietedric layers. The reflected ^ght (n the visible 
region Is returned to the inside of the lamp, sen/Ing as energy for heating the lamp, so that a better 
luminous efficacy is achieved as comapred with the case where the ligh^sourc^ color ts altered by 
providing the lamp with a visible ray ai>aorher. In any case, the transmmance for visible ra/s is reduced, 
resulting In a luminous efficacy poorer than that achieved in the case of reducing the reflectance in the 

25 visible region. For obtaining a higher luminous efficacy of the lamp, thereforo, It la necessary to minimize 
the wavelength range of r^flectioo In tha vlslbfa region, namely, the low tr&rumlttanca range. When the 
transmittance of the low transmfUanco range is less than 105o. a suffident alteration of the liflht^urce color 
is not achieved. When the transmittance of the low Iransmittance range is more than 40%, on the other 
hand, the color relevant to the towerod transmittance is substantially absent in the Hgin omitted from the 

50 lamp, which resuU is undesirable. Besides, when the low transmittance range is so broad as to have a half- 
width of more than 100 nm, an undesirable lowering in luminous efficacy would result 

Some embodiments of this invention will now be described botow while refenlng to the drawings. 

Rgure I ifltistrateo a tuogetpn-halog^n lamp apcoreilng to ono embodiment of this invention, which 

comprises a tungsten Rlameni 1, tungsten inner leads 2. 2 . molybdenum foils 3. 3 » molybdenum outer 
35 leads 4, 4, a base 5, a sWfca glass bulb 6, and beads 7. On the outer surface of the silica glass bulb 6 is 
baked a multi-layer dielectric film which, as shown in an enlarged view indicated by an arrow comprises an 
alternaie laminate of titanium oxide layers (refractive Index: 2.30) 8 and silicon oxide layers (reftBdive index: 
1.45)8. 

Refening to Figure 2, there Is shown a metal halide lamp as an KiD tamp according^ to another 

40 embodiment of this Invention, which compriaoo Innor leadd 12, 1£, mo/ybdenuOf* foUa 13. 13 . baBsa 1S» 
is', and a silica glass bulb 10 as an inner bulb filled with a metal halide or the like. The bulb IB is provkled 
with a heat-insulating coaling (not shown) on both ends thereof, and a pair of electrodes, not shown, are 
embedded in the ends of the bulb, In connection with respective molybdenum foils. Denoted by 17 Is an 
outer bulb. Similarly to the tungsten-halogen lamp above, a mulii-layer dieledric film comprising an 

45 alternate laminate of titanium oxide layers and silicon oxide layers is baked on the outer surface of a central 
portion of the silica glass bulb 16 

figure 3 Is a diagram showing ihc apoctraJ rcflodance of one example of the multi-layer dleiectrio f\irr\ 
in the lamp shown In Rgure 1 or 2. Curves a . b and c in the spectra! reflectance diagram were obtained 
with the respective multi-layer dielectric flImsT aa"set forth in the following Table 1, provided on the surface 

50 of the lamp bulb. The mulU-laver dielectric film oomorises a first layer (layer No. 1). a second layer (layer 
No. 2) and so on. in that, order from the side of the siHca glass bulb a or 16. Optical thickness of film is 
given in the units of nd/k 6, where x a Is center of the wavelength, n is refractive Index, and d is the 
thickness of film. 
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Table 1 
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16 



SO 



i.ayer 
No. 


Material 


Optical thickness of film 


curve a 


Curve b 


curve c 


1 


titanium oxtde 




0.25 


. . 0-25 


2 


Oilicon oxido 


o.2a 


0^9 


0.25 


3 


titanium oxide 




0.25 


0^5 


4 


silicon oxide 


0.20 


0.25 


0.30 


5 


titanium oxide 


0.25 


1.00 


0.25 


6 


silicon oxide 


0^ 


0,25 


0.25 


7 


titanium Oxide 


0.25 


0.25 


0,25 


8 


silicon oxidd 


0.125 


0.125 


0.125 


Csntsr oT ihe wmverengtn, 
^. tt (nm) 


1100 


970 


900 



TTw cun^e a . where the optical thickness of the fourth layor (layer No. 4) was changed from the 
20 predotemnlned value of 0^5 to a value of 0.2O, indicates a weakening of a hiue component of the light- 
source color, thereby producing tha offoct of Increasing the wermih of color. Tbo curve b » whore the optical 
thickness of the fifth layer (layer No. 5) was changed from the predetermined value o7 0.25 to a vaJue of 
1.00, Indicates a weakening of a yellow component of the Nght-source color, with the restiftanl effect of 
rendering body cotors more vjvid. The curve c , where the optical thickness of the fourth layer (layer No. 4) 
30 was changed from the predetermined value 6? 0.25 to a value of O.30, indicates a reduction In the quantity 
of red color in the light source color, thereby producing a refreshing feeling. Thought the optical thickness 
of the fourth layer (layer No. 4) was deviated from the predetermined vafue in the case of cun/e a , as 
shown In Tabl« 1 , «iJb«tantiaJly th« camo effect wa© aleo Obtained with a dcviartcn gf the Optical thickness Of 
tho sixih layer (layer No, 6) from the predetermined value. Though the optical thickness of the fourth layer 
OS (layer no. 4) was deviated from the predetonnined value in the Case of cun/e c , a similar effect was also 
obtained with a deviation of the optical thickness of tiie sixth layer (layer No."6) from the predetermined 
value; however, the effeci ihus obtained was lower as compared to the case of curve c . 

Rgure 4 1$ © diagram showing the spectral reflectance of another example of the mulil-layer dielectric 
film used in the lamp shown in Figure T or 2. In the spectral reflectance diagram, curves a , b' and c' 

corrocpond to ihe reapactlve muKi-loycr dralwtric films, as set lortn in ine following Table 2, provided OH 
the surface of the lamp bulb. Th© multi-layer dielectrfc film comprises a firet layer (layer No. 1). a second 
layer (layer No. 2) and so on, in that order from the aide of the silica glass bulb $ 0r16- 
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Table 2 



10 



Layer 

No- 


Material 


Optical thickness of film 


curve a 


curve b 


curve c 


1 


titanium oxide 


026 


0,25 


0.25 


2 


9i<i«un oxrde 


o.as 




0.25 


3 


iitanium oxide 


0.25 


0-25 


0.2S 


4 


silicon oxide 


0.20 


0.25 


0.30 


5 


titanium oxide 


0.25 


1.00 


0.25 


6 


sjllcon oxide 


0,125 


0.125 


0.125 


Center of the wavelength, 
X ^ (nm) 


1100 


970 


900 



21) 

Stmilariy to the cases reprosenteci in Figure 3. the fbltowings are seen from Figure 4. Tfie curve a . 
where tho optical thickness of the fourth layer (layer No. 4) was changed from the predetermined value of 
0.25 to a value of 0.20, indicates a weakening of a blue component of tfie light-source color, mth the 
attendant effect of Increasing tho warmth of color. The curve b', where the optical thickness of the fifth layer 

as (layer No. 5) was changed from the proddennined vafue of 0.25 to a value of 1.00, indicates a reduction in 
the quantity 0/ a yellow color In the Ught-courc© color, with the raaultant «ffdct o# rondonng body colors 
more vivid* The curve c', where the optical thickness of the fourth layer (layer No. 4) was changed from the 
predetermined vaJue of 0.25 to a value of 0.30, indicates a weakening of a red component of the light- 
source color, with the accompanying effect of producing a refreshing feeling. 

30 Though tfie description of the embodiments atx)ve has been made referring to the cases of providing 
the multMayer dielectric film by coating and baking, the same or similar effects can also be expected in thd 
cases of providing the multi-layer dielectric film by vacuum deposition or sputtering or the like. 



.15 Claima 

1. A lamp comprising an optically transparent bulb (6) onclosfng a light-soun^e (I) for radiating light wfien 
eleotn'c power supplied to it, and having a multi-layer dieioctric film provided on the outer surface of the 
bub (6) and including an alternate laminate of at least one dielectric layer (8) having a higher refractive 

40 inoex and A least one dfefedrig layoc (9) having a lower refractive indole, most of the dieloctoc loy^r? (Q, 9} 
having a predetermined optical thickness, the mulliiayer film being able to transmit visible rays and lo 
reflect infrared rays, wherein the optical thickness of a predetermined one of the diaiectric layers (8, 9) 
other than the outermost layer is different from the predetermined optical thickness. 

2. A lamp comprising an optically transparent bulb (6) enclosing a light-eource (1) for radiating light when 
4$ eledrtc power supplied to it. and having a muW-laysr dielectric film provided on the outer surface of the 

bulb (6) and including an aiternaie laminate of at least one dielectric layer (8) having a hlghsr refractive 
Index and at least on© dielectric taycr (9) having a lower refractive Index, most of the dielectric layers (8. 9) 
having a predetermined optical thickness, tho multilayer film being abte to transmit visible rays and to 
reflect infrared rays, wheroin the optical thickness of a pre detennlnod one of the dfetectric layer« (8. 9> 
5o other thAA tho outermost layer Is selected so as to oroduce a low transmtitance rangs with a transmfttance 
of 10 to 40% in the Visible region. ^ 

3. -Rib lamp of claim 2< wl>erein the half-width of the low transmlttance range is not more then 100 nm. 

4. Tho lamp of claim 2 or 3, whoroin the low transmlttance range Is provided in any one of the red. yellow 
and blue visible regions. 

66 $. The lamp of any one of claims 1 to 4 and being a tungsian-halogen lamp or a metal halide lamp. 
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